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Short Communication
HMGI-C Expression Patterns in Human Tissues

Implications for the Genesis of Frequent Mesenchymal
Tumors
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Cytogenetically visible aberrations of chromo-
somal region 12ql4-15 in a variety offrequent
benign human tumors reflect rearrangements of
the HMGI-C gene. the mechanisms by which the
HMGI-C gene contributes to tumorigenesis are
mostly unknown, although frequently aberrant
transcripts containing exons I to 3 ofHMGI-C and
ectopic sequencesfrom other genes due to breaks
within the third intron ofHMGI-C are detectable.
this is the first report analyzing human tissue
samples mainly ofmesenchymal origin by a highly
sensitive polymerase-chain-reaction-based ap-
proach detecting HMGI-C expression. We found
HMGI-C expression in embryonic tissue but no ex-
pression in any of several adult tissues tested ex-
ceptfor two myometrial tissues. these data sug-
gest that HMGI-C is mainly expressed in human
tissues during embryonal and fetal development
Thus, its particular role for tumor development
may be due to the expression ofat least exons I to
3 rather than to the formation of fusion tran-
scripts. (AmJ Pathol 1996, 149:775-779)

gion 12q14-15 in a variety of benign human solid
tumors, eg, pleomorphic adenomas of the salivary
glands, uterine leiomyomas,2-4 lipomas,2-5 pulmo-
nary chondroid hamartomas,4'6'7 endometrial pol-
yps,8 aggressive angiomyxomas,9 and fibroadeno-
mas and adenolipomas of the breast.10'11 Frequent
alterations of that gene are fusion genes due to
breaks within the third intron of the HMGI-C resulting
in aberrant transcripts containing exons 1 to 3 of
HMGI-C and ectopic sequences from other genes,
eg, the 13th exon of the mitochondrial aldehyde
dehydrogenase.12 As most of the tumors affected
are undoubtedly of mesenchymal origin, these find-
ings suggest that the normal expression of the gene
is linked to the development or differentiation of mes-
enchymal tissues.

This assumption is also supported by a recent ob-
servation by Zhou et al,13 who were able to show that in
mice the functional knock out of the HMGI-C gene
results in the well known so-called pygmy phenotype
with a characteristic hypoplasia of mesenchymal tis-
sues, eg, smooth muscle and adipose tissue. In mice,
the expression of HMGI-C has been studied in various
fetal and adult tissues.13 During mouse development,
HMGI-C was expressed between as early as 10.5 days
and 15.5 days post-coitum. Expression was observed
in most tissues and organs during embryogenesis ex-
cept for the brain where there was only expression in a
small, localized region of the forebrain. However, the
sensitivity of the latter study was limited by the Northern
blot analyses and the in situ hybridization applied, and
for human tissues, no comparable data are available

Rearrangements of the HMGI-C gene assigned to
12q151 have recently been identified to underlie cy-
togenetically visible aberrations of chromosomal re-
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Table 1. Summary of the Results of the RT-PCR Assay for the Expression of HMGI-C in Several Human Tissues of Fetal
and Adult origin

Sample

Fetal tissue
Fetal tissue
Fetal tissue
Fetal tissue
Fetal tissue
Fetal tissue
Newborn

Placenta
Placenta
Umbilical cord

Adult
Adipose tissue
Adipose tissue
Smooth muscle
Smooth muscle
Smooth muscle
Smooth muscle
Smooth muscle
Smooth muscle
Smooth muscle
Smooth muscle
Smooth muscle
Smooth muscle
Muscle
Breast tissue
Breast tissue
Breast tissue
Breast tissue
Breast tissue
Breast tissue
Vein
Tube; ovarian
cyst
Skin
Lymph node
Salivary gland
Salivary gland
Lung tissue
Lung tissue

Anatomical site of
tissue

Whole fetus
Whole fetus
Corpus and extremities
Brain
Corpus
Head

Fetal placenta
Maternal placenta

Groin
Vulva, subcutaneous
Uterus
Uterus
Uterus
Uterus
Uterus
Uterus
Uterus
Uterus
Uterus
Uterus
Heart, right ventricle
Breast
Breast
Breast
Breast
Breast
Breast
Vena cava
Tube and ovary

Vulva
Groin
Parotis gland
Parotis gland
Lung
Lung

Diagnosis

Induced abortion
Induced abortion
Induced abortion
Induced abortion
Induced abortion
Induced abortion

Delivery at term
Delivery at term
Delivery at term

Suspect lymph node
Invasive carcinoma
Hysterectomy (uterus myomatosus)
Hysterectomy (uterus myomatosus)
Hysterectomy (uterus myomatosus)
Hysterectomy (uterus myomatosus)
Hysterectomy (uterus myomatosus)
Hysterectomy (uterus myomatosus)
Hysterectomy (uterus myomatosus)
Hysterectomy (uterus myomatosus)
Hysterectomy (uterus myomatosus)
Hysterectomy (uterus myomatosus)
Heart transplantation
Benign breast disease
Invasive ductal breast cancer
Benign breast disease
Benign breast disease
Benign breast disease
Invasive ductal breast cancer
Heart transplantation
Ovarian cyst

Invasive carcinoma
Invasive carcinoma
Pleomorphic adenoma
Pleomorphic adenoma
Lung carcinoma
Lung carcinoma

Expression
Age of HMGI-C

8 weeks
9 weeks
10 weeks
10 weeks
12 weeks
12 weeks

+

+

36 weeks

36 weeks

73 years
73 years
54 years
46 years
48 years
47 years
48 years
44 years
54 years
42 years
58 years
60 years
53 years
57 years
57 years
45 years
52 years
31 years
55 years
53 years
51 years

73 years
73 years
45 years
55 years
47 years
52 years

±

Most of the tissue samples from adult individuals are from adjacent normal tissue obtained during
tumors.

surgery of benign or malignant

yet. We have thus established a highly sensitive re-

verse transcriptase polymerase chain reaction (RT-
PCR) assay to study the expression pattern of HMGI-C
in several human tissues of fetal and adult origin. We
have particularly addressed those tissues and organs
from which tumors with HMGI-C mutations arise. The
results allow for better insights as to whether alterations
of the HMGI-C gene contribute to the development of
very frequent human tumors.

Materials and Methods

Tissue Samples
All 27 adult tissue samples used for this study were
taken from surgically removed tissue frozen in liq-
uid nitrogen within a period of 15 minutes after

removal. Details regarding the anatomical site of
the tissue, the reason for removal, and age of
patients are given in Table 1. Most of the samples
were from adjacent normal tissue removed during
tumor surgery. The 6 fetal tissues taken after in-
duced abortions and the 3 newborn tissues taken
from a delivery at term were prepared as de-
scribed for the adult tissues.

In addition, three cell lines were used. As a
control for HMGI-C expression, we used the hep-
atoma cell line Hep 3B and the cell line L14 estab-
lished from a lipoma with the typical translocation
t(3;12).14 HeLa cells were used as a negative con-
trol because HMGI-C protein is essentially absent
from HeLa15 and RT experiments reproduced 10
times did not reveal HMGI-C expression in our own
studies.
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RT-PCR
A total of 100 mg of tissue sample was homoge-
nized, and RNA was isolated using the trizol reagent
(Gibco BRL, Eggenstein, Germany) containing phe-
nol and isothiocyanate. cDNA was synthesized using
a poly(A)-oligo(dt)17 primer and M-MLV reverse
transcriptase (Gibco BRL). A hemi-nested PCR was
then performed. For the first- and second-round
PCR, the same lower primer (Revex 4) 5'-TCC TCC
TGA GCA GGC TTC-3' (exon 4/5) was used. In the
first round of PCR, the specific upper primer (SE1)
5'-CTT CAG CCC AGG GAC AAC-3' (exon 1) was
used, and in the second round of PCR, the nested
upper primer (P1) 5'-CGC CTC AGA AGA GAG
GAC-3' (exon 1) was used.

Both rounds of PCR were performed in a 100-,ul
volume containing 10 mmol/L Tris/HCI pH 8.0, 50
mmol/L KCI, 1.5 mmol/L MgCl2, 0.001% gelatin, 100
,umol/L dATP, 100 ,tmol/L dTTP, 100 ,mol/L dGTP,
100 ,mol/L dCTP, 200 nmol/L upper primer, 200
nmol/L lower primer, and 1 U/100 ,l AmpliTaq poly-
merase (Perkin Elmer, Weiterstadt, Germany). Am-
plification was performed for 30 cycles (1 minute at
940C, 1 minute at 530C, 2 minutes at 720C). As
template in the first round of PCR, cDNA derived
from 250 ng of total RNA was used, and in the
second round of PCR, 1 ,ul of the first PCR reaction
mix was used.
The PCR products were separated on 1.2% aga-

rose gels, blotted, and hybridized with a 220-bp
HMGI-C cDNA probe. This probe was generated
and labeled by a PCR reaction using the same prim-
ers as described above for the second round of
RT-PCR. A HMGI-C cDNA obtained by 3'RACE-PCR
product12 served as template. Hybridization and de-
tection were performed as described by Rogalla et
al16 with the following modifications: hybridization
temperature was 400C overnight followed by the
stringent wash at 650C.

Control and Sensitivity Assays
As control reaction for intact RNA and cDNA, a PCR
according to Baier et al17 with some minor modifica-
tions was performed. This test is based on the am-
plification of the housekeeping gene glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH). The
PCR reaction was performed for 35 cycles under the
same conditions as described above for the first
round of PCR of HMGI-C expression.

For determination of the sensitivity of the PCR-
based detection of HMGI-C gene expression, cell
lysates from Hep 3B cells were mixed with those

from HeLa cells. Cells were lysed in a culture flask
containig approximately 106 cells by using 600 ,ul of
the trizol reagent (Gibco BRL), and cell lysates were
directly used for mixtures. The following procedures
were performed as described above.

Results
As for the expression studies, all experiments were
repeated at least twice. As the result of RT-PCR in
HMGI-C-positive cells such as Hep 3B and L14, a
specific 220-bp fragment was detectable (Figure
1a), the origin of which was clearly confirmed after
hybridization (Figure 1 b). HeLa cells did not show an
expression of HMGI-C. After RT-PCR, a few nonspe-
cific fragments were detectable (Figure la) that did
not hybridize to the HMGI-C probe (Figure lb).
To determine the sensitivity of the assay, Hep 3B

cells were mixed with HeLa cells at the following
ratios: 1:4, 1:10, 1:20, 1:200, 1:2,000, 1:20,000, and
1:200,000. The results revealed that HMGI-C expres-
sion was detectable up to 1 positive of 2,000 cells
but is not detectable at a ratio of 1:20,000 (Figure 1,
a and b).
The data of HMGI-C expression of different cells

are summarized in Table 1. Except for two myome-
trial samples (Figure 2), all normal tissue samples
taken from adult individuals did not show any detect-
able level of HMGI-C expression. Also, no expres-
sion was noted in placental tissue or in umbilical
cord from a delivery at term.

In contrast, except for the brain, the embryonal
tissues tested revealed HMGI-C expression.

To assure that all RNA and cDNA preparations
used for the RT-PCRs were intact (otherwise result-
ing in false negative results), a RT-PCR for expres-
sion of the housekeeping gene GAPDH was per-
formed routinely. A positive GAPDH RT-PCR resulted
in a 299-bp fragment (Figure 1c). Only those sam-
ples revealing a positive GAPDH RT-PCR were used
for this study.

Discussion
There is currently a lot of evidence that rearrange-
ments of the HMGI-C gene are causally related to the
development of frequent benign tumors. Often, intra-
genic rearrangements of one allele leading to fusion
genes have been observed,4'5'712 but in all cases
studied so far the second apparently normal allele
was found to be expressed as well. This suggests
that HMGI-C is also expressed in the normal tissue
from which the tumor originates. However, studies on
HMGI-C expression in mice based on Northern blot
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Figure 1. Determination of sensitivity of the
PCR-based detection ofHMGI-Cgene expression.
Hep 3B cells were mixed with HeLa cells at the
following ratios: Hep 3B cells only (lane 1), 1:4
(lane 2), 1:10 (lane 3), 1:20 (lane 4), 1:200
(lane 5), 1:2,000 (lane 6), 1:20,000 (lane 7),
1:200,000 (lane 8 ), HeLa cells only (lane 9).
Lanes 10 and 11, positive (L14) and negative
(aqua bidest) control, respectively; lane s, DNA
molecular weight standard VI (Boehringer
Mannheim). a: RT-PCR products ofHMGI-C af-
ter gel electrophoresis and ethidium bromide
staining. b: Detection of specific HMGI-Cfrag-
ments after Southern blot hybridization. C: RT-
PCRproducts ofGAPDH aftergel electrophoresis
and ethidium bromide staining. Lane 8 reveals
a low concentration ofamplification product.

and in situ hybridization failed to detect any expres-

sion after the fetal period.13 Because the situation
could be different in human tissues and because of
the lower sensitivity of the latter method, we have
developed a more sensitive RT-PCR assay and ap-

plied it to several human tissue samples.
The results coincide with those obtained for the

mice. There was an expression in fetal tissue except
for the brain and placenta. With the exception of two
myometrial samples, HMGI-C expression was noted
in neither of the adult tissues. Both latter myometrial
samples were from a uterus myomatosus and can

thus most likely be explained by the presence of
small myomas in an early phase of development or

by contamination by larger myomas because all
other myometrial samples were negative. Thus, the
highly sensitive approach applied herein reveals that
HMGI-C is in fact a protein more or less exclusively

1 2 3 4 5 6 7 8 9 10

Figure 2. HMGI-Cgene expression of different tissue samples revealed
by RT-PCR and Southern blot hybridization. Lane 1, negative control
(HeLa); lanes 2 to 6, different myometrial samples; lane 7, endome-
trium; lanes 8 and 9, positive controls (Hep 3B and L14, respectively);
lane 10, negative control (aqua bidest).

expressed in the fetal period. It is therefore tempting
to speculate that, besides the formation of fusion
genes, even a simple transcriptional deregulation of
the gene can lead to the development of tumors in a

variety of mesenchymal tissues of the adult. Chro-
mosomal breakpoints that have occasionally been
mapped 3' or 5' of the HMGII-C gene further confirm
this assumption. It can accordingly be speculated
that other genes fused to HMGI-C by intragenic re-

arrangements mainly act by providing enhancers
rather than by contributing essential coding se-

quences. Following this idea, the expression of the
second allele would be directly due to the expres-

sion of the former one as the cell is shifted back to a

fetal stage, also resulting in the secondary activation
of the normal and not the altered HMGI-C allele.

In summary, the results of our study show that
HMGI-C is mainly a protein of the embryogenic life.
The data suggest that any type of HMGI-C mutation
occurring in mesenchymal tissues leading to its ac-

tivation and leaving intact at least exons 1 to 3 of the
gene can induce the development of benign tumors,
eg, leiomyomas, lipomas, or pulmonary chondroid
hamartomas.
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